Angle Tracking Analysis and Test Development

for the Integrated Stations

G. D. Barnes
DSIF Operations Section

An analysis and test development have been completed for the integrated track-
ing system. An antenna servo model was developed and its transfer function and
gain constants are presented. The model was used to simulate the response of the
antenna for the autotrack and program modes. These simulation results are com-
pared with the data collected at the Pioneer site and the differences between the
two modes are shown. Antenna response data for the integrated servo system are
compared with the Echo site response data and DSIF servo specification curves.
The servo specification curves are shown to be unrealistic for either the standard

or integrated angle tracking systems.

l. Introduction

The integrated site tracking systems (DSSs 11, 42, and
61) have been analyzed and modeled. From the analysis,
test software and procedures have been developed. The
analysis and test design were done with two goals in mind.
First, the test was used to evaluate the equipment just
coming into service. Secondly, the same test will serve as
a tool for regular maintenance and prepass countdown
tests. In order to achieve these goals, several tasks were
undertaken.

First, documentation was collected on the Angle Track-
ing System. This documentation was studied and from this
the system was broken down into functional blocks. From
these functional blocks, a model was developed, and simu-
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lations were conducted. Since the performance specifica-
tions for the antenna servo system were either nonexistent
or vague, the model was used to establish realistic, defini-
tive performance specifications.

An XDS 910 computer program was developed to moni-
tor the response of the antenna servo system to a step
input. This program was essentially a modification of the
software that was written for the standard 26-m-diameter
antenna sites (Ref. 1). The modified program is different
from the original 26-m test program in that it does not
command the antenna, and that it receives the antenna
position from the high-speed data line instead of directly
from the angle encoders. Except for these two differences,
the sampling program is the same for both the standard
DSIF sites and the integrated sites.
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A secondary task was undertaken which complemented
the previously mentioned efforts. The test program for the
integrated site tracking system can output a paper tape
that contains the antenna response to a step input as mea-
sured by the angle encoders. A program was written that
writes the paper tape on a magnetic tape for processing
by the UNIVAC 1108. The processing program has the
same processing routines as the test program and also con-
tains routines for plotting the various types of data. In
this way angle servo data from the various sites can be
processed and compared.

Il. Angle Tracking Analysis and Model

A detailed angle tracking model was developed for the
integrated sites. The model was developed under the
assumption that the response of the angle tracking system
was dominated by the servo electronics and inertia and
friction of the antenna assembly. A functional block dia-
gram of the servo system is shown in Fig. 1.

The isolation amplifier converts all input voltages to
represent 10 volts/degree. This amplifier accepts input
from the antenna position programmer or Magic “T”
assembly of the antenna as well as manual commands.
The isolation amplifier outputs to the position integrator.

The position integrator is a variable filter that deter-
mines how high a frequency will be allowed to affect the
servo electronics. The frequency filtering is determined
by the bandwidth selection switch located on the servo
control console. This low-pass filter has as its cutoff fre-
quencies 1.0, 0.5, 0.25, and 0.12 Hz. The position integra-
tor outputs to the rate error junction which inputs to the
rate integrator.

The rate integrator is the true integrator of the servo
electronics. It is the location of the integrator, following
the rate error junction, that makes the integrated servo
electronics noticeably different from the standard DSIF
servo electronics. The location of the integrator gives the
integrated servo electronics more stability since the rate
feedback loop will have better control over low-frequency
poles. The output of the rate integrator is applied to
the antenna through the servo valve, motor, and gear
reducers.

The antenna characteristics block represents the most
difficult part of the model. It was quickly determined
that it would be too difficult to model the mechanical
dynamics of the antenna in detail because of the com-
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plexity involved. Therefore, the mechanical characteris-
tics model was developed with a pole that is determined
by the antenna inertia to antenna friction ratio. A gain
constant and zero were added, with the help of a root
locus program. When this representation of the antenna
dynamics was added to the model, the response then
closely matched that of the actual antenna response.
Figure 2 shows a detailed block diagram of the servo sys-
tem and the Appendix gives the transfer functions and
units of gain that were developed for the simulations.

Ill. Results From DSS 11

Tests were performed at DSS 11. The data from these
tests were compared to the simulated data, data from
DSS 12, and DSIF servo specifications. In addition a com-
parison was made between the servo modes at DSS 11.
Figure 3 is a comparison of a DSIF step response servo
specification (DOA-1146-DTL) to a standard and inte-
grated station servo step response (DSS 12 and DSS 11,
respectively). Table 1 is a comparison of several perform-
ance parameters for a standard and integrated station. It
can be seen from Fig. 3 and Table 1 that, for approxi-
mately equal noise bandwidths, the integrated servo out
performs the standard servo in all categories. This superior
performance is due mainly to the fact that the integrator
was moved inside the rate loop.

Figure 3 shows that although the integrated servo out
performs the standard, it does not meet or out perform
the DSIF response specification curve, with the exceptions
of overshoot and settling time. The DSIF response speci-
fication curve represents a system that has much more gain
than either the integrated or standard tracking systems
have exhibited. Thus, the DSIF servo system response
specifications are not realistic, and they should be changed
so that station personnel will have realistic specifications
to guide them in the operation and maintenance of the
antenna servo systems.

The antenna was tested in both the autotrack and pro-
gram modes. The autotrack uses the antenna’s magic “T”
and error channels in the receivers to determine the error
signal for the servo electronics. Error signals in the pro-
gram mode are determined through digital hardware in
the Antenna Position Programmer (APP). This is accom-
plished by the APP by reading the angle encoders, sub-
tracting this angle from a commanded angle and applying
the difference, through D/A converters, to the servo elec-
tronics. It can be seen that there is a noticeable difference
between the two modes (see Fig. 4). The simulations show
(Figs. 5 and 6) that the autotrack or APP mode can be
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simulated by varying the gain of the servo electronics.
This apparent difference in system gain is tentatively
being attributed to a higher gain of the receiver.

IV. Summary

A model test software and test procedure have been
developed for the integrated tracking stations. These are
being used as acceptance tests as each of the integrated

stations becomes operational. Later, when the stations
become operational, the test procedure and program will
be used to determine system performance and prepass
readiness. In order to help with determination of realistic
operating parameters, data will be collected from each of
the integrated tracking stations and comparison made
between the stations. There are plans to add angle jitter
analysis and error coefficient calculations to the test pro-
gram in the near future.
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Table 1. Comparison of servo system step response for the integrated and standard stations®

DSS 'B'W Gain Overshoot, Seftling Rise Delay Noise —3-dB Gai? Phcs.e
sefting, setting % time, s time, s time, s BW, Hz BW, Hz margin, margin,
Hz dB deg
1 0.12 0 22.35 41.03 9.00 7.68 0.04908 0.03689 —20.67 48.95
12 0.025 5 57.01 108.92 14.88 13.68 0.04175 0.01630 —7.77 35.81

2BW seftings of 0.12 and 0.025 are equivalent bandwidth settings for these two different systems.
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Appendix

System Transfer Functions

This appendix contains circuits for the servo electronics,
transfer functions for the tracking system, and values for
the tracking system components. Figure A-1 is a simplified
schematic of the servo electronics. The transfer functions
for the servo electronics and antenna are listed below.

A. Isolation Amplifier

A, 1+ sT, volts
Hoo@ =775 & Ton
where
A1 = RIAS
142 — RIA1R1A13

Ry + BRrais
T, = Ri4sCas

RIA131A13

T, = 1
: RIAI + RIA13 (

CIAl + CIAZ)

and K is the value of a voltage divider network which is
controlled by the servo gain control (range: 0.5 to 0.95).

B. Position Integrator

The position integrator can be configured four ways,
depending upon which bandwidth (BW) setting is se-
lected (see Fig. A-1).

Ay 14T, volts

Hi(s)=Z 1557, volt

(1) 0.12-Hz bandwidth setting

A;=R;; + Rns + By,

3 R
S
RisR
Rt R TR,
. CIa R117 (RIIS + RIM)
T, =

RII"I + RIlS + RII4

Tis = Ry:(Cr + Cp) + (Rpus + Rps) Cig
+ (Rlls + R114) (Cn + Clz)
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(2) 0.25-Hz bandwidth setting

R 17
A=y
R
ZI = 1;1_
L ,
R[SRIIO
Bet R TR,

T, = (Rns + R114) Crs

(3) 0.5-Hz bandwidth setting

AI_

Z =

T,o =

RIlYRIIR

" Ru: + Ris

Rys

1—

R;;
RISRIII
Ris + R

’ 4
llTRIIS

+ R;l.’i

’
117

’

1y =

Cis

Ri:Riss
RllT + R[l'[

Ri;; = Ry, + Rp,

T, = R;n (Cu + Clz) + R;13 Cr; + Rlss (Cu + CIZ)

(4) 1.0-Hz bandwidth setting

A1:

+ R113 + RIl4

Z;=R; + Ry

T, =

Ry, =

R130R131

Rz + Ris

Crs

RllTRIIS
R[17 + RIIQ

Bp = Rys + Ry

T13 = RI30 (Cu + Clz) + R131 Czs + Rla1 (Cn + Clz)
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C. Rate Integrator

_ 1 /1 4 sTg, volts
He () = K (1 + .s'Tm) ’ volt
where
1
KR — B_R‘
BR = CRI + CRa

Tr: = Rp1Cry

D. Mechanical Effects

This transfer function represents the effects of friction
and inertia of the antenna structure.

(1 + Tyas) degrees

Hiy (s) = Kua (1 4+ Tyes)’ degree

where
Ty, = motor back pressure time constant

__ inertia of antenna
friction of antenna

M2

w4 = hydraulic gain

E. Rate Feedback
Hy(s) = KeKys

where

K; = tachometer gain

1

K = R T R

F. Constant and Component Values

The values for the constants and components used in
the model are listed below.

L. Isolation amplifier

R[,u = 511 kﬂ
R]Ag = 511 k0
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Rias = 5.6 Mo
Ciraz = 0.068 uF
C1ras = 6800 pF
Cras = 0.1 uF

2. Position integrator

a. 0.12-Hz bandwidth

R, = 10ko
R = 10ka
R, = 8250Q
R =100
Rn, = 10Q
R, = 3.16 M
Cn = 0.01F
Cr.= 01uF
Cr, = 10uF

b. 0.25-Hz bandwidth

R;; = 10ko
R;s = 10ka
R, = 03480
R, =100Q
R,.=100Q
R;: = 3.16 MQ
Ch = 0.01,F
Cr. = 1u4F
Cr, = 10 4F

c. 0.50-Hz bandwidth

R, = 10ke
R, = 10ko
R, = 16200
R, ;= 10Q
Rn,=10Q
R, = 3.16 Mo
R;s = 110 Mo
Cn=001,F
Ci, = 1uF
Cr = 10,4F
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d. 1.0-Hz bandwidth

R;; = 10ka
R, = 10k
Rns = 10Q
Rn,=100Q
R, = 3.16 M0
R;s = 464kQ
Ci. = 0.01 4F
Cr, = 0.1 4F

- Crs = 10pF

3. Rate integrator

Rz = 48.7k0
CRl = 1 'U.F
CRa = 0.15 ‘lLF
4. K, constant
1
Kpy=—5———
o RFIS + RFH
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Rpis = 28.7kQ
Ry = 28.7kQ

5. Mechanical effects

Ty, = l4 seconds
Ty, = 42 seconds

Ky4 = 1.65 for APP mode

Ky = 2.3 for autotrack mode

6. Other constants

K¢ = 6.32 X 10-3 amperes/volt

v = 4055.8 cm?/ampere-second

K, = 91.54 degrees/zsecond
cm
degrees

Ky = 243 X 10° )

egree
K. — 3.2 volts
T ™ 1000 rpm

139



BANDWIDTH Sl S2
1.0Hz CLOSED OPEN
0.5Hz OPEN CLOSED
0.25 Hz CLOSED CLOSED
0.12 Hz OPEN OPEN

| | |
Rlag | ‘—('I:IPZ—‘ | |
FROM Rpy Rig | Res  Raiy T0
Er:iRgrENELs >‘E:]‘"'{> E | YWV —VW J[} T ! vW—‘WV——{>—I—> SERVO
OF RECEIVER — — | l | Rers Cri | VALVE
“las | Gars | ‘BT | |
— —

a1 I | Reg Cr3 |

Yy yp— F — X
Rlats | | . |
Lo | | |
Rlan I l Rers l
| | |
| | FROM |

TACH

|+DC I I
| | |
| | |
I | |
| | |
I | |
| | |

ISOLATION AMPLIFIER

POSITION INTEGRATOR

RATE [INTEGRATOR

Fig. A-1. Simplified schematic for the integrated servo electronics
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